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The enhanced maturation of dopaminergic cells observed in the presence of target neurons can be explained by direct neuronal interactions, the presence of diffusible factors, or both. Medium conditioned over striatal neurons did not stimulate the growth of dopaminergic cells. We therefore focused our attention on the possible involvement of striatal membrane factors that would trigger dopaminergic cell differentiation. When crude membrane fractions were prepared from mouse striata and added to mesencephalic cells in culture it was observed that the ability of individual neurons to take up [)H ldopamine increased in a dose-dependent manner. Moreover, this phenomenon was demonstrated to be age-dependent, that is to say that young (8-day-old) or adult striatal membranes were unable to stimulate maturation of the uptake capacity of the dopaminergic neurons. Only when the animals were 2 or 3 weeks old did the stimulation occur. This experiment supports the view that during the period corresponding to massive dopaminergic innervation, there is a transient expression of molecular cues favouring this innervation process at the surface of striatal neurons. Moreover, when crude membrane fractions were prepared from other parts of the developing brain (hippocampus, parietal cortex or cerebellum), no effect was observed, indicating some degree of specificity in the regional distribution of these cues (Prochiantz et al., 1981) .
These results obtained in uitro on the influence of striatal neurons and their membranes on the maturation of dopaminergic neurons can be discussed in view of reports from different laboratories. These reports indicate that growth cones of afferent fibres have a special affinity for their target cells as clearly demonstrated in the case of the retinotectal system (Bonhoeffer & Huf, 1980) . Moreover in this system convincing experiments have shown that tectal membranes unlike membranes from other parts of the brain show a preferential affinity for ganglionic retinal cells (Halfter et al., 1981) . This increased affinity may give rise to an enhanced adhesion to the substrate constituted by the target cells and an increased growth rate. Indeed, strength of adhesion and growth rate are very closely related, as demonstrated by many authors. It has also been claimed that specific recognition in uifro between dorsal root ganglion neurites and the dorsal horn of the spinal cord is dictated by direct interactions between the growing neurites and their target neurons (Peterson & Crain, 1982) . Taken together, although the involvement of specific diffusible factors in differentiation, growth and establishment of synaptic connections is not excluded, it seems that a crucial role of membranebound molecules is implied by an increasing number of experiments. During morphogenesis the development of nerve cells in its successive steps of neuronal and glial evolution is influenced by the surrounding environment. The availability of primary cultures of dissociated nerve cells consisting mainly or exclusively of only one cell type have advanced our understanding of how cell contacts as well as trophic factors affect neuronal and glial differentiation. In particular, the development of cell culture systems consisting of pure glial cells have provided a good experimental approach to the study of the effects of growth factors on glial-cell proliferation and maturation. Studies have been initiated to detect and identify trophic or maturational factors present in brain extracts (Sensenbrenner et al., 1972; Lim et al., 1973; Athias et al., 1974; Barde et al., 1980) . Reports from our laboratory have described the stimulatory effect of brain extracts on the proliferation, as well as on the morphological and biochemical maturation, of astroglial and oligodendroglial cells in culture (Sensenbrenner et al., 1972 (Sensenbrenner et al., , 1980b Athias et al., 1974; Pettmann et al., 1980a Pettmann et al., ,b, 1981 . Other authors have shown that the proliferation and the maturation of astroglial cells were enhanced by treatment with brain extracts (Lim et al., 1973 (Lim et al., , 1977 Haugen & Laerum, 1978; Turriff & Lim, 1981) .
In the present paper, we report the effects of brain extracts on morphological and some biochemical responses of glial cells in primary culture.
Cultures of astroglial cells: stimulatory effects of brain extracts
Cells dissociated from cerebral hemispheres of newborn rats, grown in standard nutrient medium [either Eagle's minimum essential medium (MEM) or Waymouth's medium MD 705/1 supplemented with 10% foetal-calf serum1 and seeded at low cell density (one brain for five dishes of lOOmm diameter) developed into a glial layer. After 2 weeks this layer was mainly composed of flat polygonal shaped cells, which have been characterized as astroblasts. After 3 weeks most cells developed a slightly fibrous aspect. The identification of the astroglial cell type was 597th MEETING, LONDON established by correlating the observations of phase-contrast microscopy of living cultures (Sensenbrenner et al., 19806) with the findings of electron microscopy (Sensenbrenner et al.. 1980a ) and irnmunohistochemistry using glial fibrillary acidic (GFA) protein as a marker for astrocytes (Bock et al., 1977) .
Biochemical analyses have shown in these astroglial cultures the presence of GFA (Sensenbrenner et a1.,1980a) and S-100 (Labourdette & Mandel, 1978; Pettmann et al., 1981) proteins.
In the early stages of development the cultured astroglial cells undergo frequent mitoses and the DNA content increased during about 3 weeks in standard culture conditions. When brain extract from chick or rat was added the growth pattern of the cells was affected. The DNA level increased rapidly during the first 2 weeks of culture and after 3 weeks reached a level 50% higher than that of control cultures (Sensenbrenner et al., 1 9 8 0~; Pettmann et al., 1981) . These results indicate a stimulation of the proliferation of the glioblasts under the effect of brain extracts.
Under the effect of brain extracts from chick, rat or ox. the polygonal-shaped astroblasts developed processes, became very fibrous and assumed a morphology resembling that of mature astrocytes (Sensenbrenner et al., 1972 : Lim et al.. 1973 : Haugen & Laerum, 1978 Pettmann et al., 1981) . In these treated cultures gliofilaments became abundant in the cells between 3 and 4 weeks and were arranged in large bundles. This morphological accumulation of gliofilaments paralleled the biochemical increase of GFA protein (Sensenbrenner et al.. 19800) .
When the astroglial cells were maintained in standard nutrient medium the level of the glial-specific protein S -100 remained low during the whole culture period. This indicates that the astroblasts undergo biochemical maturation only to a limited extent. In the continuous presence of brain extracts, the S-100 content increased rapidly between 15 and 35 days and then remained constant at a value about 3.5 times higher compared with untreated cultures (Pettmann et 01.. 198 I ) (Fig. 1.) .
An increase of S-100 protein level in astroblasts in culture was still obtained when 5-day-old cultures were treated for only 24h. On the other hand, when the cells were treated after 25 days only, S-100 protein synthesis was also enhanced (Fig. 1) . These results indicate that a short treatment of the cells allows a process of maturation in proliferating cells and that the cells are receptive to the active factors, even when they have formed a confluent layer, i.e. at 25 days of culture.
Glial cultures enriched in oligodendroglial cells: stimulatorv eflects of brain extracts
In standard culture conditions (MEM or Waymouth's medium supplemented by 10% calf serum) dissociated brain cells from newborn rats plated at high cell density (one brain for two dishes of lOOmm diameter) developed into a glial culture enriched in oligodendroglial cells (Labourdette et al., 1979 (Labourdette et al., , 1980 . Small round and fusiform cells were scattered on an astroglial layer. These small cells have been identified as oligodendroglial cells, based on ultrastructural and histochemical criteria (Roussel ef al.. 198 I) . These glial cultures enriched in oligodendroglial cells had high 2' : 3'-cyclic nucleotide 3'-phosphohydrolase activity (Labourdette et al.. 1979 (Labourdette et al.. , 1980 .
In the presence of brain extract from rat the proliferation of the oligodendroglial cells was greatly enhanced as judged by their increase in cell number (Pettmann et al., 1980a) . Furthermore, an autoradiographic study after [3H]thymidine incorporation has shown that about 1.5 times more labelled oligodendroglial cells were present in treated cultures (G. Roussel, M. Sensenbrenner, G. Labourdette, E. WittendropReehenmann, B. Pettmann & J. L. Nussbaum, unpublished work).
In the glial-cell cultures composed essentially of astrocytes no (or low levels 00 carbonic anhydrase I1 was found. In contrast, the enzyme level was high in cultures highly enriched in oligodendroglial cells and treated with brain extract (Table 1 ) (Delaunoy et al., 1980) . The high level of carbonic anhydrase I1 can be correlated to the presence of this enzyme in oligodendroglial cells shown by immunohistochemical reaction. But the maturation process of these cells could also be involved in the expression of high levels of carbonic anhydrase 11. Glial cultures, enriched in oligodendroglial cells. are valuable models for studying the properties of oligodendroglial cells and will allow investigations of the biosynthesis and the role of Table 1 . Carbonic anhydrase levels in rat glial cultures Cells were seeded at low cell density (one brain for five dishes of IOOmm diameter). At this cell density and in the presence of calf serum some oligodendroglial cells survived along with the astroglial cells in control cultures. The amount of carbonic anhydrase was measured by radioimmunoassay (Delaunoy et al., 1980 
PuriJcation and characterization of the brain factors
We have partially purified a factor from the adult ox brain, which is active on the proliferation of astroglial cells, as well as on the morphological and biochemical maturation of these cells (Pettmann et al., 19806) . The factor was purified more than 1000-fold and was active at a concentration of 250 ng/ml of culture medium. The factor was characterized as an acidic protein. Some purification of a factor from pig brain that enhances the proliferation and the morphological maturation of astroglial cells was also achieved by Kato et al. (1979) .
In conclusion, the data in this paper show that brain extracts contain factors that stimulate the proliferation of glial cells (astroblasts and oligodendroblasts) as well as the morphological and biochemical maturation of astroglial cells. 
